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@ Membrane-supported Immunoassays. 

@ Improved, economical devices for immunoassays employ a 
reusable ayrlngo or vacuum manifold to pass samples, by 
means of a pressure gradient through a membrane containing 
an affinity partner for analyte. The devices can also be adapted 
to direct blood sampling and to automated assays. 
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Description 

MEMBRANE-SUPPORTED 

Technical Field 

Th9 invention concerns the testing of samples, 5 
especially biological samples, for desired analytes 
using immunoassay. In particular, it concerns an 
Improved apparatus and procedure tor conducting 
such assays on membranes which enhance the 
sensitivity of the assay and the economy of the test. 10 

Background Art 

Immunoassay procedures are so commonly used 
as to make unnecessary elaborate discussion of the 
topic in general. In is well understood that a variety of 15 
formats can be used, generally involving the con- 
jugation of an Immunoglobulin or fragment thereof to 
a solid support, followed by specific binding of the 
antigen and labeling the supported conjugate in 
some manner. Alternative protocols permit, for 20 
example, the antigen to be bound .to the support, or 
the analyte to compete with its labeled counterpart. 
There are aJso immunoassays which do not involve 
solid supports but precipitate the immunocom- 
plexes. 25 

Recently, assays have been constructed wherein 
the Immunoglobulin which is specific for analyte Is 
onihoddfld In a porous membrane either physically 
absorbed, covalently bound, or entrapped attached 
to particles, and this mombrano is placed in contact 30 
with an absorbent material which withdraws the 
sample and reagent solutions through the mem- 
brane by capillary action. (See U.S. Patent 4,632,901 
to Mybrltech). By utilizing this capillary notion, the 
reaction lime Is decreased, and the assays are more 35 
convenient. The current commercial name for this 
format is "ICON", evidently an abbreviation of 
" immunoconcentration" . 

One disadvantage of the ICON configuration is 
that the use of capillary action to draw the materials 40 
through the membrane. In addition to limiting the 
volumes that can be used, and confining the test to 
individual samples, requires that the absorbent 
membrane and housing be discarded aftor oach 
test. This increases the cost of the test, and limits 45 
sensitivity to analytes whose concentration In the 
test solution is sufficient to accommodate the 
volume requirements. 

The present invention remedies these disadvant- 
ages by providing a disposable means for drawing so 
the sample through the membrane, by providing a 
mechanism for utilizing arbitrary amounts of sample 
volume, and by providing the opportunity for simulta- 
neous multiple sample development. 

55 

Disclosure of the Invention 

The Invention Is directed to methods and appara- 
tus for membrane-supported immunoassay, or other 
specific binding assay, which permit the use of large 
volumes of sample, employ reusable components. GO 
and have, as the consumed component, only an 
inexpensive membrane assembly. The apparatus 
and methods of the invention also permit direct 
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testing of blood or other withdrawn lluld samples. 
The melhod and apparatus of the invention are 
appropriate for any assay which Is conducted on a 
membrane and relies on specific binding between an 
affinity partner and the analyte. 

Thus, in one aspect, the invention is directed to a 
method to conduct an assay, in a (usually biological) 
sample, for an analyte which binds to a specific 
affinity partner. Tho spoclflcolly binding affinity 
partner, for example an antibody, Is embedded In a 
membrane which is supported In an assembly which 
fits onto the body of a syringe or other recoverable 
apparatus for creating a pressure gradient. The 
assay is conducted by passing a sample of the 
material to be tested through the membrane, oithor 
by withdrawing the sample Into the body of the 
syringo or other vacuum device, or by using such 
device to "push" the sample through the membrane. 
Detection and/or quantitation of the analyte from the 
sampto bound to the membrane is then achieved by 
conventional means, such as binding to additional 
specific affinity partners which contain label. The 
proforrod methods of the Invention may Include 
washing steps which can also be conducted by 
withdrawing or otherwise propelling the wash solu- 
tion through tho mombrnnn. 

In anothur aapect. tho Invention relates to various 
improved designs for apparatus useful in the method 
of the invention. One such design comprises the 
membrane supported in a syringe-compatible as- 
sembly. Another design provides a disposable 
mernbrMno support which con Up plncnd on n flnt 
suiface and m^Jntuiiis the hml/ontul pi)sl(lun of the 
membrane as well as providing means for linking to a 
syringe or to another vacuum device. Still other 
designs include removable chambers which permit 
placement of reagents on top of the membrane prior 
1o application of a vacuum, and additional upstream 
components which permit packaged supply of 
reagents or direct sampling ot body fluids. A variety 
of designs is compatible with the method of the 
invention. 

In still another aspect, the invention is directed to 
test kits suitable for conducting these methods. 

Brief Desc ri ption of the Drawings 

Figure 1 shows an embodiment of an appara- 
tus of the invention assembled In position at the 
syringe inlet. 

Figure 2 shows an embodiment of the 
membrane housing assembly components. 

Figures 3A and 3B show an Improved design 
for a membrane supporting assembly in unas- 
sembled and assembled form. 

Figure 4 shows disposition of the membrane 
housing with a removable chamber. 

Figure 5 shows a conceptual drawing of a 
vacuum manifold to which the membrane 
housings can be attached. 

Figure 0 shows a cap arrangement for a 
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promaasurod conjugato to bo roactod with 
sample. 

Figure 7 shows an apparatus for direct 
measurement of blood. 

Figure 8 shows a schematic of an adaptation 5 
of the membrane assombly to automated assay. 

Modes of Carrying Out the Invention 

The invention employs a membrane assombly 
typified but not limited by the embodiments w 
shown as separate components in Figures 2 
and 3A, and as assombtod components in 
Figure 3B. in these preferred embodiments, a 
membrane, which can be constructed of con- 
ventional materials used In Immunoassay 15 
procedures, such as cellulose acetate, fiber- 
glass, nitrocellulose, nylon and tho liko is 
supported in a simple base which Is designed to 
stand alone and/or to interface with the body of 
a syringe or other device for creating a pressure 20 
gradient. The supporting assembly can bo 
composed of one or more simple injection* 
molded components. 

The 'chemistry' of the assays Is drawn from 
standard Immunoassays and similar specific 25 
binding assays, generally known in the art. Tho 
most commonly used tests are immunometric 
assays in which tho mombrane contains an 
antibody or a fragment thereof, such as an Fab 
or F(ab')a fragment specific for the analyte to be 30 
detected or measured. The binding of the 
analyte to the membrane depends on the 
specificity of this antibody. The bound analyte Is 
then detected by a variety of strategics as 
outlined below. 35 

Numerous commonly known as scry * are 
based on antigen-antibody interactions, and 
bo tli polyclonal and monoclonal antibody prop- 
agations are used to effect the desired specific 
interaction. Of course, the method of the 40 
invention is not limited to this, most common, 
specific binding format. Specific binding also 
occurs, for example, botwoon horrnonos and 
receptors, lectins and glycosylated proteins, 
and avidln and biotln. The method, apparatus, 45 
and kits of the invention are applicable to any 
assay which relies on the specific capture of the 
analyte in the membrane by virtue of an 
Interaction with a reagent embedded therein. 
Tho reagent must simply bind anaiyto to the 50 
exclusion of other substances present in the 
test sample. 

Conventionally, the retention of the analyte In 
the membrane la detected by use of still 
another specific reagent which binds to the 55 
mombrane only when analyte is present, and In 
proportion to the amount of analyte retained. 
Typically, this is an additional antibody or other 
specifically binding preparation which contains 
some form of labeling such as radioisotopes, 60 
fluorescent materials, or an enzyme. Typical 
labels include lodlne-131. P-32, or other radioi- 
sotopes linked to the labeling reagent, for 
example, for antibodies, through protein A, 
fluorescent materials such as fluorescein or 65 


dansyl. enzymes which catalyze reactions 
which can be detected by a change In color, 
such as alkaline phosphatase or horseradish 
peroxidase, or other label such as colloidal 
gold. If the enzyme based label is used, a 
substrate solution needs also to be added in 
order to develop the detectable result. 

The foregoing protocols are typical, but, of 
course, alternative procedures still consistent 
with the method of the invention are also 
contemplated. For example, a labeled con- 
jugate may be initially embedded in the mem- 
brane, and tho analyte binding may aJtor tho 
conformation of the conjugate in such a way as 
to activate on onzymo usod as label. In this 
case, no additional labeled conjugate need be 
addod, but only the substrate solution. 

In addition, the analyte may itself be an 
antibody, and the antigen or hapten used to 
entrap it In the membrane. Any affinity-pairing 
partner to the analyte is used in construction of 
the reactive membrane. As used herein "affinity 
partner" rofors to any substance which binds to 
the analyte. In most protocols, the affinity 
partner included in the membrane will be 
"specific' to tho analyte — i.e., rt will bind to 
analyte to the exclusion of other components of 
the specimen which would otherwise interfere 
with the test. However, this need not be tho 
case; the specificity could also be confined by 
the labeling reagent. 

The assembly of the invention, which is 
inexpensively made and disposable, is adapted 
for use with a replaceable and detachable 
means for applying a pressure gradient across 
thft membraoc. This means own be «5 z'tmpt* ax 
an ordinary »yftnyu of can U«i a tipuclally 
Unsigned vacuum manifold. 

Dy avoiding the use of capillary action (as 
described in US 4,632,901) for causing the 
sample and reagent to pass through the 
membrane, not only can an expensive portion of 
Iho toct accombly {tho abcorbont pad) can bo 
replaced by a reusable component, but the test 
can be adapted to protocols that permit more 
flexibility in the manner of conducting the test. 
In particular; 

1) Because the pressure gradient can now be 
applied at will, several tests can be run 
simultaneously; control specimens can thus be 
included and the quantitative aspects of the test 
improved. 

2) Because the sample is drawn in volume 
across the membrane, It can be made to carry 
with It additional reagents, preferably supplied 
on an upstream porous support. 

3) Because the pressure gradient can be 
supplied by syringe, a blood sample, for 
example, can be withdrawn and passed directly 
through the membrane. 

The foregoing modifications to the conventional 
mothod and tho specially designed apparatus for 
performing them are Included In the Invention. 
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The Membrane Supporting Member 

There are a number of workable designs for a 
membrane supporting means which are compatible 
with use In the methods of the Invention. Preferred 
embodiments are shown in Figures 2 and 3. 

The support housing of Figure 2 contains two 
interlocking members. The top member as shown in 
Figure 2 is a cylinder 201, providing an inlot through 
which the sample will be drawn, wtth a flange 202 at 
the bottom. The membrane is then placed against 
the flange and secured by the base, which contains a 
complementary flange damping member 203. The 
base is thus secured to the flange wtth the 
membrane sealed so as to prevent leakage of fluids 
around the membrane. The base further comprises a 
female Luer lock for later assembly onto a syringe. 

The housing for the membrane shown In Figures 
3A and 3B is also In two parts. The membrane and, If 
desired, additional submombrano and/or proflltor 
302 is seated on the bottom member 301, which in 
this Illustration contains a female Luer opening 303 
for a syringe. The membrane is held in place by the 
projection 304 form the outer sleeve 305. The outer 
housing is held in place by virtue of the design of the 
Hp at the top 306. Figure 3A shows the body and the 
sleeve in unassembled form; Figure 3B shows the 
same embodiment In assembled form. 

In use for both designs, the membrane Is placed 
on the body and the top cylinder or sleeve is secured 
thereto as shown. Preferably, the entire assembly is 
provided as a disposable unh rather than assembled 
at the site of the assay. As the components are quite 
inexpensive, the use of pre-essembled units is 
practical, and provides a more reproducible and 
oasily achieved result. 

Figure 1 shows the assembled support of Figure 3 
attached to a conventional syringe. This attachment 
is made through the Luer lock, and commercially 
available syringes are suitable. Tha housing shown in 
Figure 2 may be similarly attached. 

Other design modifications can also be used to 
adapt tha assay to particular conditions. For 
example, as shown In Figure 4, the membrane 
housing of Figure 3 can be fitted with a removable 
chamber which holds reagents or samples which are 
"walling" to ha drawn through thn membrane*. This Is 
useful In a number of circumatancoa. but in 
particular If multiple samples are to be compared or 
simply assayed at one time. In this case, the vacuum 
manifold shown in Figure 5 will also be useful. The 
membrane units are placed on the manifold as 
shown in the diagram using for example, male Luer 
nipples and the sample or reagent Is ailowod to sit 
on top of the membrane without application of the 
pressure differential until the desired number of 
manifold positions is filled (gravity will be Insufficient 
to withdraw the sample through the membrane). Any 
unfilled positions are then stoppered and the 
vacuum Is turned on so that the membranes are 
simultaneously Impregnated with the sample ma- 
terial. Thus, standardization of contact time and 
simultaneous reaction are assured, and all tests will 
receive the same time of exposure to both the 
specimen and reagent. An additional advantage of 
the multiplicity of samples is that control specimens 


can be used to permit visual estimation of color 
intensity of development of unknowns. This results 
in a semi-quantitative assay. 
In a typical procedure to conduct the method of 
5 the i riven lion, an antibody specific to the analyte to 
bo detected has been absorbed In the membrane of 
the assembly. The assembly is then attached to the 
body of a syringe of appropriate volume, typically 
5-25 ml. The volume of the syringe should preferably 

w exceed the volume of the sample, as it can then 
accommodate both sample and wash solutions. 

The appropriate sample volume Is then withdrawn 
into the syringe and through the membrane. Of 
course, trie use of the syringe provides an automatic 

15 measurement of the volume used; typical sample 
volumes are of the order of 5-10 ml. but a wider 
range of volumes Is usable, according to tho choice 
of syringe. As staled above, the syringe should be 
choson so that tho volume will also accommodate 

20 wash solutions; for example, If a 5 ml sample volume 
is needed, a 10 ml syringe is appropriate. 

After the sample is withdrawn through tho mem- 
brane Into the syringe, the membrane may optionally 
be washed with, for example. 2-3 ml of water, but this 

25 is not necessary. 

The detecting conjugate or reagent is then added 
to the membrane. This can be done by adding drops 
of detecting solution directly to the membrane, or a 
small volume may be withdrawn from a diluted 

SO solution of conjugate or reagent through the 
membrane into the syringe. The detection reagent is 
allowed to remain in contact with the membrane for a 
preset time, usually of the order of 1 or 2 minutes, or 
even less, before washing. Washing is done by 

35 withdrawing an additional sample of walor through 
tho membrane Into tho syringe. 

In an alternative format, sample, e.g., urine, may 
be withdrawn Into a syringe before the membrane 
assembly Is attached, and then "pushed" out of the 

40 syringe and through the membrane impregnated 
with a specific binding partner for the analyte to be 
tested. The remainder of the test is then conducted 
as described. 

If the product of the detecting solution, such as of 

45 conjugate containing label, Is dotoctablo por so, the 
results of the test are read directly. If not, for 
example, rf an onzymc mediated toet Ic ucod. a 
substrate solution Is added to the membrane either 
by withdrawal through the membrane of a dilute 

50 solution of substrate or by adding drops. Incubation 
of the substrate solution with the membrane for an 
appropriate time, again approximately 1-2 minutes, 
permits tho dovolopmont of the dotoctablo result. 
Generally speaking, the tests on sample are run In 

55 conjunction with positive and negative controls 
wherein the same procedure is used, but substitut- 
ing a solution containing a known amount of analyte 
as a positive control or from which analyte is absent 
for a negative control. 

60 

Multiplo Simultaneous Samples 

An alternative procedure is particularly useful 
when controls are to be run, and thus multiple 
samples required, in this approach, the membrane 
65 holders or housings, such as those typified In 



Figures 2 or 3 ano placed onto the openings, for 
example, Luer nipples, of a manifold. In multiple 
samples, it is advantageous also to utilize the 
removable chambers, since the membranes need to 
be Impregnated with sample and reagent simulta- 
neously. Thus, at the start, the membrane housings 
containing these chambers are placed on the 
manifold. 

The required volumes of specimens or controls 
are added to each chamber and the vacuum is 
turned on and maintained until all specimens have 
passed Into tho manifold. Tho vacuum is thon 
released and thB next reagent, typically a labelled 
conjugate, is added to each chamber. Vacuum is 
thon applied again, and a suitable reaction time Is 
permitted before washing with distilled water or 
wash solution by addition of solution to each 
chamber and application and release of vacuum. 

If enzyme label is used, the substrate reagents are 
then applied to the chambers and withdrawn into the 
membrane by application and release of the vacuum, 
and allowed to react for a suitable time, typically 
0.5-5 min. The samples may then be washed again if 
necessary, and the results read directly, typically 
after removal of the chambers by suitable densi- 
tometer or other comparative methods. 

Packaged Upstream Reagents 

In still another alternative, the membrane format 
can bo applied In connection with a porous support 
upstream of the membrane In the flow of spoclmon, 
which contains Ihe labeling reagent or conjugate 
and thus prereacts with the analyte in the specimen 
before entrapment in the membrane. This porous 
support can be placed In the removable chamber for 
the application to manifold vacuum withdrawal or 
can be placed upstream of tho mombrano In a 
syringe arrangement by means of an external cap 
preceding the housing membrane. A suitable ar- 
rangement is diagramed in Figure 6, where the 
membrane assembly, such as that of Figure 3, Is 
fitted with the cap containing the porous support. 

In one typical embodiment, the porous support 
contains labelled conjugate antibody directed to an 
analyte to be tested. The sample is drawn through 
tho porous support and the analyte thua carries the 
label with rt past the membrane. As before, the 
analyte, now bound to label, is also concentrated on 
tho membrane. The cap is then removed for reading, 
If the label Is read directly, or if enzyme label is used 
the substrate solution is added. In the oaee of the 
manifold the substrate Is added directly to the outer 
chamber; If the syringe assembly Is used, withdrawn 
through the mombranc. Reading of the results is 
done conventionally. 

This alternative reduces the procedure to two 
steps and simplifies tho procedure, although a 6mall 
Increment of cost Is thus added to the test by virtue 
of the necessity to construct the porous support. 
The workability of this alternative also relies on the 
stability of the labeling reagent In the porous 
support. 
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Diroct Sample Moas u rem ont 

In addition, the apparatus can be modified to 
obtain and measure a sample of blood or other 
Internal fluids which are generally removed through 
5 hypodorrtiic needles directly. Rather than supply of 
the sample In a container or chamber, blood for 
example, Is withdrawn directly through the mem- 
brune and then the remainder of the assay proce- 
dure conducted as do3cribod obovo. A suitable 

W - apparatus for this approach Is shown In Figure 7 
wherein the membrane assembly depicted in 
Figure 3 is fitted with a cap containing the male Luer 
nipple for a syringo needle. The sample is thus 
withdrawn directly past the membrane and into the 

IS syringe In a manner similar described ebove, except 
that Ihe sample Is not separately collected in the 
chamber. 

Membrane-Bound and Upstream Porous 

20 Support-Bound Reagent 

Conjugate or other reagents may be freeze-dried 
while on the support to increase stability. Thus the 
mombranos or other supports may bo proparod to 
Include reagent In a variety of procedures, but 

25 advantageously, tho last 6tep In 6uch procedures Is 
the freeze-drylng of tho matoriols while In contact 
with the support. Solutions or suspensions of the 
reagents are placed In contact with the supporting 
materials and dried cither under ambient pressure or 

30 reduced pressure, Including ryophillzatlon. In the 
altomatlvo, tho roagonta can be placed on boado, 
such as latex beads, and these solid carriers 
embedded in the support materials. Suitable mem- 
brane or support materials include nylon, cellulose, 

35 nitrocellulose, fiberglass, or other fibers. 

Klta 

It Is convenient for the invention method to be 
packaged as a kit A typical kit would contain one or 

40 more of the membrane assemblies with reagents 
appropriate for use In a particular assay in suitable 
containers for easy use. 

in certain embodiments, the disposable outer 
chambers, caps, and porous supports or caps and 

45 needles will aJso be supplied. 

The syringe or vacuum manifold Is reusable: 
typically, a kit would contain a single syringe or 
manifold and a plurality of membrane assemblies 
and other accessories with sufficient reagent to run 

50 the appropriate number of assays. Replacement kits 
nood not Include tho syringe or manifold. 

The kit may also include materials and apparatus 
which render tho test easior to do, such as a rack for 
placement of the syringe and dropping bottles for 

55 dispensing the reagents, as well as tissues, dispos- 
able pipettes, and other optional Items of conveni- 
ence. Generally, however, the kits will contain 
instructions for performance of the test. The instruc- 
tions should be quite straightforward, and Indeed, as 

60 the kits are particularly Intended for regions where 
technology is not advanced, the instructions will be 
dotailod, and amply illustrated. 
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Automation 

Any of the devices end designs of the invention 
can be adapted to an automated process for 
conducting the assay. This is convenient for clinlcai 
laboratories or for any location where large numbers 
of tests are run. The membrane unit, for example, 
that of Figure 2, could be used In a fully automated 
instrument shown diagramatlcally In Figure 8. 

In this schematic, the membrane assembly would 
replace the test tubes used currently In a number of 
automated RIA and EIA systems. Membrane assem- 
bly units would bo fitted (automatically If neccsary) 
to vacuum nipples on a turntable or conveyor belt 
and specimen added. The unit would then advance 
to a point whore vacuum would be applied to draw 
the specimen through the membrane into the waste 
chamber of the instrument. The unit would next pass 
under a dispensing head where conjugate would be 
added and at the next point it would be drawn 
through the membrane to waste. Typically the unit 
would then advance to receive wash and substrate if 
required. The membrane would then pass under a 
reflectance spectrophotometer where the color 
development would be read and, by reference to 
values obtained with control specimens, a quantita- 
tive result calculated. Finally the membrane unit 
would be ejected to waste and the cycle completed 
as the nipple advanced to receive another mem- 
brane unit. 

By this means testing could proceed continuously 
at a rate controlled only by the capacity of the 
instrument. Even a very small instrument with 12 
nipples on a 3 minute test cycle (as used for hCG) 
could complete 240 tests per hour. 

The following procedure is intended to Illustrate, 
but. of course, not to limit the invention. 


Example 1 

Determination of Human Chorionic Gona dotropic 
(HCG) in Urine 

A. The membrane assembly contains antl-HCG. 
prepared by impregnating the membrane with 1 ul of 
1-5 mg/ml solution of the monoclonal antibody. The 
membrane unit is fitted to a 10 ml syringe and the 
inlet cylinder contacted to a urine specimen In a 
conventional container. A 5 ml sample of the 
specimen Is drawn through the membrane into the 
syringe. HCG present In the sample is retained by 
binding the antl-HCG In the membrane. 

The syringe is placed in a support to permit the 
membrane to retain a horizontal position at the top 
of the syringe. To the membrane Is thBn added three 
drops of conjugate reagent. The conjugate reagent 
contains 40 ug/ml anti-HCG antibody, conjugated to 
alkaline phosphatase in PBS buffer, pH 7.2. (Con- 
jugation of the alkaline phosphatase to anti-HCG is 
conducted by standard procedures as described by 
Avrameas. S., et al, Scand J Immunol (197B) B. Suppl 
7: 7-23, and results in a concentration of enzyme per 
antibody of 1:1 on a molar basis.) 

The membrane is then let stand for 1 minute, and 2 
ml of distilled water are then drawn through the 


membrane Into the syringe. 

To the membrane is then added 3 drops of 
substrate solution containing indoxyl phosphate 37 
uM, in 0.1 M butter, pH 9.5. The substrate is then 

5 incubated for 1 minute, and the intensity of blue 
color developed is a measure of the HCG present in 
the sample. Positive and negative controls are 
treated similarly using a standard solution containing 
50 mlU/mi of HCG and a blank containing no HCG. 

W The amount of HCG is estimated by comparison to 
the standard solution result, or by comparison to 
standard color charts. 

B. The assay Is conducted as in fiA of this 
Example except for the passage of sample through 

75 the membrane. A 1 .5 ml urlno samplo Is drawn into 
the syringe, and the membrane assembly then 
attached. The sample Is then slowly (1-3 drops/sec- 
ond) expelled through the membrane, A little air is 
then drawn into the syringe, and 2 drops of 

B0 conjugate reagent added. The test is completed as 
in tlA. 
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Example 2 


Preparation of Antl-HCG Membrane 


A. Direct 


Membranes may be obtained in chemically acti- 
vated form from several commercial suppliers, B.g. 
Pall or Millipore. 

35 Typically, 1 ul of a 1*5 mg/ml antibody solution in 
phunplintu liufftirnd nnllnn (PRO) in npullnri i Jlr nutly 
onto tho moinbtuno and lot! at ruum tumpoiotuio 
for I minute. The remaining active sites on the 
membrane are then blocked by incubation with 0.1 c/o 

40 casein In PBS for 15 minutes at room temperature. 
The coated membrane may then be stored moist 
(e.g. in PBS containing 0.1% sodium azide) or dried 
and stored dry. 

45 B. Indirect 

Latex panicles are coated with antibody (either by 
passive adsorption or covaJent attachment) and then 
physically entrapped within an inert membrane 
support, as follows: Seragen© amino-modtfled latex 

50 was incubated with 1% glutaratdehyde in distilled 
water for 2 hours at room temperature and then 
washed with PBS. Antibody In PBS (1 mg) was 
added to the latex particles overnight at 4°C. The 
particles were then washed with PBS and finally 

55 made to a 1<to suspension with PBS. 

Ten ul of the antibody-coated latex suspension 
was spotted onto a low protein binding membrane 
(0.45 micron, Millipore), and all non-specific binding 
sites on the membrane blocked by storing the 

60 membranes until used In a 0.1% solution of casein In 
PBS containing QAWo sodium azide. If required the 
membranes may bo driod and stored dry. 


65 


6 



EP 0 312 


Claims 

5 

1. A method to conduct an assay for an 
analyte in a sample, wherein tho anatyto or 
derivative thereot binds to an affinity, partner, 
which method comprises: w • 
passing a volume of said sample through a 
membrane by means of a pressure gradient 
wherein the membrane contains the affinity 
partner for the analyte or derivative thereof, and 
detecting the analyte bound In the membrane. is 

2. The method of claim 1 wherein the sample 
is passed through the membrane by withdraw- 
ing sakJ sample Into a receiving chamber. 

3. The method of claim 2 wherein the 
receiving chamber is the body of a syringe or a 20 
vacuum manifold. 

4. The method of claim 1 wherein the sample 
is passed through the membrane by applying 
pressure to the sample against the membrane. 

5. The method of claim 1 wherein tho affinity 25 
partner for the analyte or Its derivative is an 
immunoglobulin or derivative thereof. 

6. A method to oonduot an a66ay for analyte 

In two or more samples simultaneously whnroln 

the analyte binds to an affinity partner, which x 

method comprises: 

placing a volume of each sample In contact with 
a membrane in which the affinity partner for the 
analyte is contained, and 

withdrawing each sample by means of a 35 
pressure gradient through tho membrane into a 
receiving chamber, and 

detecting the analyto found In each membrane 
from each sample. 

7. The method of claim 6 wherein each 40 
sample is placed in an outer chamber affixed to 

the corresponding membrane and withdrawn by 
means of a pressure gradient Into a vacuum 
manifold. 

8. An apparatus for the detection of analyte In 45 
a sample wherein the detection comprises 
reaction with an affinity partner, which appara- 
tus comprises: 

a supported membrane containing said affinity 
partner, said membrane supported In e housing 50 
having means to attach said membrane to the 
orifice of a receiving chamber. 

9. The apparatus of claim 8 which further 
includes the body of a syringe attached to the 
housing. 55 

10. The apparatus of olaJm 8 wherein said 
housing engages said membrane by means of a 
deformable lip. 
, 11. The apparatus of claim 8 which further 
includes an outer chamber disposed at the top 60 
of the housing capable of accommodating the 
sample. 

12. A method to conduct an assay for analyte 
in a sample, wherein the analyte binds to an 
affinity partner, and wherein said binding is 65 
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detected by reaction with a labeled second 
affinity partner, wherein one of said first and 
second affinity partners is specific for analyte, 
which method comprises: 
passing a volume of said sample, by moans of a 
pressure gradient, through a porous support 
containing said labelled second affinity partner 
and through a membrane In which the first 
affinity partner for the analyte Is contained. 

13. An apparatus for conducting an assay for 
analyte in a sample which comprises: a needle; 
atlached to a housing In which Is supported a 
membrane containing an affinity partner for the 
analyte, which mom bra no Is connoctod to a 
receiving chamber which includes a means of 
applying a pressure gradient through the 
needle and past the membrane Into the cham- 
ber. 

14. An apparatus for conducting an assay for 
an analyte In a samplo which comprises a 
means for applying a pressure gradient past a 
membrane In which a first affinity partner for the 
analyte is contained. Into a receiving chamber 
and having upstream of said membrane a 
porous support containing a second affinity 
partner conjugated to label, wherein at least 
ono of said first and second affinity partners is 
specific for analyte. 

15. A kit suitable for conducting measurement 
of an analyte in a biological sample which 
roagent kit comprises : 

the supported membrane unit of claim 8, 
appropriate reagents in separate bottles, and 
instructions for conducting the assay. 
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